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ABSTRACT
Of immediate concern to  th e  U. S. Food and Drug A d m in is tra tio n ,
U .S .P .H .S ., i s  th e  p o te n t ia l  danger o f th e  p resence o f  C lostrid ium  
b o tu lin u m , ty p e  E to x in  in  fo o d . Amongst th e  many p o s s ib le  pathogens, 
£ .  bo tu linum  ranks a t  th e  top  as a s e r io u s  and p o te n t h e a lth  hazard .
I t  i s  u n fo rtu n a te  th a t  many foods a re  su sc e p ta b le  to  i t s  growth and 
subsequent to x in  p ro d u c tio n  as the  environm ent p rov ides e x c e lle n t 
p h y s io lo g ic a l c o n d itio n s  a t  c e r ta in  tim es during  p ro c e ss in g . Thus 
th e  p resence  o f C. bo tu lin u m , type E to x in  i s  a problem  o f n a tio n a l 
concern  to  a l l  s e c tio n s  o f th e  economy in v o lv ed  in  food handling and 
p ro c e ss in g  and th e i r .p r e s e n c e  o r absence i n  Gulf C oast Shrimp and 
O ysters  must be a s c e r ta in e d  fo r  the  p ro te c t io n  and s a f e ty  o f the 
consum er.
This in v e s t ig a t io n  was i n i t i a t e d  to  i s o l a t e  and id e n t i f y  
C. bo tu linum  ty p e  E to x in  from Gulf Coast shrimp and o y s te r s  o b ta in ed  
from commercial p ro cesso rs  and r e t a i l  o u t l e t s .  F u rtherm ore , a s tudy  
was conducted o f the  c a p a b i l i ty  o f i r r a d i a t e d  and n o n ir ra d ia te d  
f r e s h  h e a d le ss  G ulf shrimp and shucked o y s te r s  to  su p p o rt the growth 
o f C. bo tu linum  and type E to x in  p ro d u c tio n , as a f f e c te d  by v arious 
low doses o f gamma i r r a d i a t i o n ,  tem p era tu re , s to rage  tim e and the 
s iz e  o f a mixed spore  c o n c e n tra tio n .
The r e s u l t s  o f th i s  re se a rc h  em phasized the  im portance of 
ho ld ing  s h e l l f i s h  on ie e  a t  a  tem perature  a t  35°F r a th e r  than  a t
v i i i
r e f r ig e r a te d  tem p era tu res  around 40°F in  o rder to  assu re  maximum 
cons timer s a f e ty .
The exam ination  of more than  700 lb s  of f r e s h  Gulf Coast shrimp
and more th an  300 lb s  of f r e s h  shucked o y s te rs  f o r  the  p resence of
C. botu linum  type E has in d ic a te d  i t s  absence.
T o x ic ity  s tu d ie s  showed th a t  no to x in  was produced when f re s h
G ulf Coast h ead less  shrim p and shucked o y s te rs  were s to re d  on ice
(33°F) up to  30 days, a f t e r  be in g  in o c u la te d  w ith  mixed C. botulinum
3 *type E spo res a t  10 and 10 sp o re s /g  e i th e r  w ith o u t i r r a d ia t io n  or
60
w ith  exposure to  Co r a d ia t io n  a t  150, 200, 300 and 500 K rads.
F resh  G ulf Coast h ead less  shrimp were in o cu la te d  w ith  mixed
3 4C. botulinum  type E sp o res a t  10 and 10 sp o re s /g . Samples were
su b jec te d  to  CcP® r a d ia t io n  a t  150, 200, 300, and 500 K rads. The
i r r a d ia te d  samples a long w ith  n o n ir ra d ia te d  c o n tro ls  were then  s to re d  
o
a t  42 F . A fte r  7 and 14 days, to x in  was found in  a l l  samples except
those  which had re c e iv e d  50p K rads; in  th e se , to x in  was dem onstrated
a f t e r  30 and 31 d ay s .
Toxin p ro d u c tio n  again  was shown a f te r  30 days when f r e s h  shucked
o
o y s te rs  were s to re d  a t  42 F a f t e r  b e in g  in o c u la te d  w ith  mixed 
C. botulinum  type E sp o re s /g  and su b je c te d  to  Co r a d ia t io n  a t  150, 
200, 300 and 500 Krads along w ith  a  n o n ir ra d ia te d  c o n tro l .
ix
INTRODUCTION
B otu lism  has been d e fin ed  by Dolman (11) as a  r e l a t iv e ly  r a r e ,  
t r a g ic ,  and in  some re s p e c ts  s t i l l  m y ste r io u s , n e u ro p a ra ly tic  d ise a se  
a f f e c t in g  man and anim als in  v a rio u s  p a r ts  o f th e  w o rld . I t  g e n e ra lly  
r e s u l t s  from th e  in g e s tio n  of a  fo o d s tu f f  c o n ta in in g  to x ic  m eta­
b o l i t e s  from one o f s e v e ra l  known types o f anaerob ic  b a c i l l i ,  
C lo s trid iu m  bo tu lin u m . whose n a tu r a l  h a b i ta t  i s  th e  s o i l  o f c e r ta in  
r e g io n s .
The 1963 o u tb reak  o f b o tu lism  caused  by C. bo tu linum  in  com­
m e rc ia lly  canned tu n a  and vacuum packed smoked w h ite f is h  chubs 
r e s u l te d  in  a  renewed i n t e r e s t  in  C. botulinum  type E in  the U nited  
S ta te s .
This in v e s t ig a t io n  was undertaken  to  study  th e  in c id en ce  o f 
C. bo tu linum . type E to x in  in  samples o f f r e s h ,  f ro z e n , peeled  and 
deveined and breaded  shrim p and f r e s h ,  f ro z e n , b readed  and canned 
shucked o y s te r  samples o f  th e  G ulf Coast S ta te s  from commercial 
p ro cesso rs  and r e t a i l  o u t l e t s . The in v e s t ig a t io n  a ls o  inc luded  a  
s tu d y  o f th e  c a p a b i l i ty  o f i r r a d ia t e d  and n o n ir r a d ia te d  f re s h  G ulf 
shrim p and shucked o y s te rs  to  su p p o rt th e  growth of C. botulinum  and 
type E to x in  p ro d u c tio n , as a f fe c te d  by v a rio u s  low doses o f gamma 
i r r a d i a t i o n ,  te m p e ra tu re , s to ra g e  tim e and the  s iz e  of a  mixed spo re  
c o n c e n tra tio n .
1
SURVEY OF THE LITERATURE
Geiger (19) s ta te d  th a t  th e  f i r s t  reco g n ized  o u tb reak  of 
b o tu lism  was observed over 200 y ea rs  ago, a lth o u g h  Ermengen (17) 
re p o rte d  th a t  th e  c a u sa l organism  was n o t i s o la te d  u n t i l  1859.
A ccording to  Meyer (32) human b o tu lism  has been found c h ie f ly  in  
N orth  Am erica, Europe and Japan , a lth o u g h  two ou tb reak s  have been 
reco rd ed  in  A rgen tina  and two in  A u s t r a l ia .
The f i r s t  ou tb reak  o f type E b o tu lism  caused  by a  n a tiv e  U. S. 
food was reco rd ed  in  M inneapolis in  1960 ( 2 ) .  This o u tb reak  r e s u l te d  
from th e  consumption o f smoked c isc o e s  from Lake S u p e rio r .
Type E b o tu lism  has o ccu rred  in  many p a r ts  of th e  w o rld . Table 1 
in  th e  Appendix l i s t s  th e  known ou tb reak s th rough  1963 as re p o rte d  by 
Dolman and I id a  (1 3 ), Nakamura (3 8 ), and th e  M orb id ity  and M o rta li ty  
Weekly R eport (3 7 ).
C. bo tu linum  type E , one o f th e  c a u s a tiv e  ag en ts  o f b o tu lism  
o u tb re a k s , has a  w orld wide d i s t r i b u t io n .  Kamizawa (26) and Nakamura 
e t  a l .  (25) have dem onstrated i t s  p resence  r e p e a te d ly  in  s o i l  and mud 
samples on Hokkaido. Johannsen (20, 21) has i s o la te d  th e  organism  
from la rg e  numbers of s o i l ,  s e a sh o re , and s e a  bottom  samples in  and 
n ear Sweden. Pederson (43) has found i t  in  s o i l  and bottom  mud in  
Denmark. Dolman (13) has i s o la te d  th e  organism  re p e a te d ly  from 
bottom  samples o f f  the  c o a s t o f  B r i t i s h  Columbia.
A review  o f Public H ea lth  Records o f th e  G ulf S ta te s  d id  no t
2
r e v e a l  any c a se s  of ty p e  E b o tu lism  a t t r i b u t e d  d i r e c t l y  to  G ulf 
S ta te s  sh rim p  and o y s te r s .  P rev io u s  p re lim in a ry  work on s h e l l f i s h  by 
Novak (40) in d ic a te d  th e  absence o f  C, b o tu lin u m , type E to x in  in  
shrim p and o y s te r s .
Dolman (10) and Johannsen  (22) r e p o r te d  t h a t  a l l  known o u tb re a k s  
o f  type E b o tu lism  have o ccu rred  i n  th e  N o rth e rn  hem isphere , and w ith  
few e x c e p tio n s  have b een  a s s o c ia te d  w ith  th e  consum ption  o f  f i s h  o r 
o th e r  an im al p roducts  from  the  s e a .  E a r ly  th e o r ie s  t h a t  C. botu linum , 
ty p e  E to x in  was l im i te d  to  th e  m arin e  env ironm ent have b een  r e f u te d  
by  r e p o r ts  o f  th e  o cc u rre n c e  in  s o i l s  and f r e s h  w a te rs  o f F ran ce , 
(Fr&vot e t  a l . .  4 4 ) , J a p a n , (Kanzawa, 2 6 ) , Sweden, (Jo h an n sen , 2 1 ) , 
and B r i t i s h  Columbia, (Dolman, 1 0 ) .
B o tt je t  _al. (5) r e p o r te d  t h a t  th e  i n t e s t i n a l  c o n te n ts  o f  more 
th a n  3,000 f i s h  from Lake E r ie ,  S u p e r io r ,  H uron, and M ich igan  were 
examined f o r  C. bo tu lin u m  type E . D em o n stra tio n  o f  th e  o rgan ism  was 
accom plished  by id e n t i f y in g  i t s  to x in  in  l i q u id  c u l tu r e s  in o c u la te d  
w ith  m a te r ia l  from th e  a lim e n ta ry  t r a c t .  In c id e n c e  f ig u r e s ,  e x p re sse d  
as per c e n t o f  th e  f i s h  t e s t e d ,  w ere : Lake E r i e ,  1%; Lake S u p e r io r ,
1%; Lake H uron, 4%; th e  m ain body o f  Lake M ich igan , 9%; and Green 
Bay (on Lake M ich ig an ), 57%. Thus, C. b o tu lin u m  ty p e  E ap p eared  to  
be  w idely  b u t  unevenly  d i s t r i b u t e d  i n  th e  G rea t L ak es, and f i s h  from 
a l l  th e se  a r e a s  were p o t e n t i a l  c a r r i e r s .
Jo h n sto n  e t  a l .  (23) re p o r te d  t h a t  pure c u l tu r e  i s o l a t e s  o f 
C. bo tu lin u m  ty p e  E w ere r a p id ly  o b ta in e d  from  40 o f  41 in d iv id u a l  
packages o f  smoked w h i te f i s h  chubs w hich  were s u b je c te d  to  a lc o h o l 
t r e a tm e n t .
Dolman (14) and Meyer (32) s t a t e d  th a t  th e r e  a re  now re c o g n iz e d
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s ix  d i s t i n c t  types o f  C. bo tu lin u m . as ty p es  A, B, C, D, E , and F 
w hich can be d i f f e r e n t i a t e d  by the s e ro lo g ic a l  s p e c i f i c i t y  o f th e i r  
to x in s .  Type C c o n s is ts  o f two subtypes C<<and Ĉ g which d i f f e r  in  
t h e i r  e f f e c t s  on v a rio u s  anim al sp ec ie s  and in  s e v e ra l  o th er f e a tu r e s .
Dolman (14) a lso  s ta t e d  th a t  types C and D on ly  r a r e ly  have been 
im p lic a te d  in  ou tb reaks o f human b o tu lism , b u t th ey  have caused huge 
lo s s e s  in  w ild  and dom estic an im als. Dolman (14) f u r th e r  s ta te d  th a t  
type F was f i r s t  reco g n ized  in  1958 and has been invo lved  in  on ly  one 
known o u tb reak  from a hom e-prepared l i v e r  p a s te  in  Denmark. Eklund 
and Poysky (16) s ta te d  th a t  C. botu linum  type F has been dem onstrated  
in  two sam ples o f m arine sed im en ts . One sample was taken  a t  a  dep th  
o f 83 m eters o f f  th e  c o a s t o f C a l i fo rn ia ;  th e  o th e r ,  100 m eters o f f  
th e  c o a s t  of O regon. C u ltu re s  o f th i s  ty p e  have n o t been re p o r te d  
p re v io u s ly  in  th e  U nited  S ta te s ,  and o n ly  one b e fo re  in  the whole 
w o rld . Lamanna (29) and Sakaguchi e t  a l .  (46) re p o r te d  th a t  ty p es  A,
B and E have been  re sp o n s ib le  fo r  a l l  b u t  a few of the  known ou tb reak s 
among humans.
In  a d d it io n  to  t h e i r  s e ro lo g ic a l  d i f f e r e n c e s ,  types A and B a re  
d is t in g u is h a b le  from type E by s e v e ra l o th e r  c h a r a c t e r i s t i c s ,  namely:
1 . Heat r e s i s ta n c e .  C r is le y  (7 ) ,  Dack (8) and Schmidt (51) 
r e p o r te d  th a t  spo res  o f type A and B su rv iv ed  b o i l in g  fo r  s e v e ra l 
h o u rs , whereas type E spo res  u s u a lly  were k i l l e d  by h ea tin g  to  80°C 
fo r  30 m inutes o r l e s s .
2 . Minimum growth te m p era tu re . M ichener and E l l i o t t  (35) showed 
th a t  types A and B grow slow ly  i f  a t  a l l  a t  50°F, whereas c e r ta in  
s t r a i n s  o f  type E have been  observed to  grow as low as 38°F.
3 . T o x ic ity  o f c u l tu re s  and a c t iv a t io n  o f to x in  by t r y p s in .
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Sakaguchi e t  aL. (46) dem onstrated  th a t  c u l tu re s  o f type E possessed  
much lower t o x i c i t i e s  th an  type A and B when in je c te d  in to  m ice.
F o s te r  e t  _al. (16) s ta t e d  th a t  th e  po tency  o f type E c u l tu re s  cou ld  be 
in c re a se d  10 to  100 fo ld  by t r e a t in g  w ith  t r y p s in .  These w orkers 
s ta t e d  f u r th e r  th a t  t r y p s in  d id  n o t o r d in a r i ly  " a c t iv a te "  th e  to x in s  
o f  type A and B, presum able because th e se  organism s produce th e i r  own 
p ro te o ly t ic  enzymes, which may have perform ed th e  same fu n c tio n  as 
t r y p s in .  However, B onventre and Kempe (4) have shown th a t  young 
c e l l s  of type A and B co n ta in ed  a  to x ic  " p re c u rso r"  th a t  co u ld  be 
r e le a s e d  by son ic  d is ru p t io n  o f th e  c e l l s . The potency o f t h i s
m a te r ia l ,  l ik e  th a t  o f  type E to x in ,  co u ld  be in c re a se d  by tre a tm e n t
w ith  t r y p s in .
Riemann (45) showed th a t  type E to x in  was s ta b le  in  a c id  b u t was 
r e a d i ly  destro y ed  by a lk a l i  and was in a c t iv a te d  a t  80°C fo r  30 
m in u te s .
Meyer (31) d e fin ed  b o tu lism  as a s p e c i f ic  in to x ic a t io n  w ith  th e  
to x in s  o f C. bo tu linum  or p a rab o tu lism . The s ix  s e ro ty p e s , A, B, C,
D, E , and F e x i s t  in  n a tu re  as s p o ru la tin g  sap rophy tes  and grow
f r e e ly  in  a  g re a t  v a r ie ty  o f in a d e q u a te ly  p rese rv ed  animal o r p la n t
fo o d s . During r e s u l t a n t  sp o ila g e  a pow erful to x in  i s  form ed, which 
on in g e s t io n , i s  absorbed , u l t im a te ly  in ducing  some changes in  the 
m otor-nerve te rm in a ls  a t  th e  neurom uscular ju n c tio n ; a c e ty lc h o lin e  
o u tp u t was d im in ish ed , w ith  e f f e c t s  resem bling  d e n e rv a tio n .
The h i s to r i e s  and d a ta  c o l le c te d  by Meyer e t  a l . (34) showed 
th a t  500 s in g le  o r group in to x ic a t io n s ,  in  th e  U nited  S ta te s  from 
1899 to  December 1952, invo lved  a  t o t a l  o f  1,324 p e rso n s , o f  whom 846 
d ie d . The m o r ta l i ty  r a t e ,  which has a t  tim es reached  67%, has
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dropped on ly  to  62%.
Table 2 in  th e  Appendix shows th a t  from 1899 th ro u g h  1963 th e re  
were a  t o t a l  o f 1,561 re p o r te d  cases of b o tu lism . The la r g e s t  number 
of cases  was re p o rte d  in  th e  decade 1930 th rough  1939; th e  second in  
the  decade 1920'th ro u g h  1929, and th e  t h i r d  in  th e  decade from 1940 
th rough  1949. C. bo tu lin u m , type A and B to x in ,  were found most 
o f te n  to  be re sp o n s ib le  fo r  th e  b o tu lism  ou tb reak s c a r r ie d  by non- 
com m ercially  p rocessed  fo o d s.
Up to  1925, com m ercially canned foods m anufactured in  th e  U nited  
S ta te s  had been a t  f a u l t  in  32 c a s e s , b u t in te n s iv e  re s e a rc h , 
su p p o rted  by th e  p ro te c t iv e  measures o r ig in a l ly  d ev ised  by the  S ta te  
o f C a l i f o rn ia ,  le d  to  th e  adop tion  o f s c i e n t i f i c  p rocedures by th e  
canning in d u s try .
Records r e l a t in g  to  b o tu lism  due to  consum ption of com m ercially 
p rep ared  foods were more ac cu ra te  than  were th o se  r e l a t in g  to  o th e r  
th an  com m ercially  p repared  foods and a re  summarized in  Table 3 . 
F if ty -o n e  ou tb reaks have been re p o rte d  s in c e  1906, w ith  109 d ea th s in  
a t o t a l  o f  219 c a s e s .
A rev iew  o f th e  foods involved  in  ou tb reak s s in c e  1950 p re sen ted  
in  Table 3 in  th e  Appendix in d ic a te d  th a t  on ly  5 cases  ou t o f 44 were 
a t t r i b u t a b l e  to  canned food p ro d u c ts . The rem aining  39 cases  were 
a s so c ia te d  w ith  th e  consumption of p ro d u c ts  which re c e iv e d  no h ea t 
tre a tm e n t, such as cheese or smoked f i s h  p ro cessed  a t  tem p era tu res  
in cap ab le  o f d e s tro y in g  jC. bo tu linum .
Type E C. bo tu linum  has been the  m ajor cause o f cases  o f  b o tu lism  
from com m ercially  p repared  foods in  th e  p a s t two decades as shown in  
Table 3 in  th e  Appendix. A review  of th e  known ou tb reak s o f type E
b o tu lism  p re se n ted  in  T able 4 in  th e  Appendix showed th a t  th e  foods 
most o f te n  invo lved  were th o se  w hich w ere unprocessed , o r p ro cessed  a t  
r e l a t i v e ly  low te m p e ra tu re s , o r sim ply a i r  d r ie d .
Dolman and I id a  (13) in d ic a te d  in  t h e i r  r e p o r t  on type E 
b o tu lism  th a t  th e  U. S. ou tb reaks f e l l  in to  th e  fo llow ing  th re e  main 
c a te g o r ie s :
1 . The im p lic a te d  fo o d s tu f fs  had been  com m ercially  p rocessed  
and appeared  norm al. Four o f f iv e  re p o r te d  ou tb reaks were due to  
im ported foods and one was a t t r i b u t e d  to  e a t in g  vacuum-packed smoked 
f i s h  caught in  Lake S u p e r io r .
2 . Salmon eggs se rv ed  as th e  v e h ic le  in  s ix  ou tb reaks among 
P a c if ic  Coast In d ia n s , w ith  11 persons a f f e c te d  and 6 d e a th s . These 
eggs were o f te n  p repared  by sim ple fe rm e n ta tio n  fo r  s e v e ra l days o r 
w eeks.
3 . S ix ou tb reak s o ccu rred  among Eskimos o f the  n o rth w este rn  
c o a s t o f  A laska . Twenty people were i l l  and 6 o f them d ie d . The 
im p lic a te d  food in  f iv e  ou tb reaks was m uktuk-pieces o f d r ie d  be luga  
(w hite w hale) f l i p p e r ,  cu red  by s e v e ra l  weeks of immersion in  s e a l 
o i l .  The s ix th  o u tb reak  was due to  consum ption o f the  f lu k e  o f a 
decomposing grey  w hale.
The 1963 ou tb reaks o f b o tu lism  which were re p o r te d  in  th e  
M orb id ity  and M o rta li ty  Weekly R eport (37) a re  found in  Table 5 in  
th e  A ppendix. Twelve o u tb reak s  t o t a l in g  46 c a s e s , in c lu d in g  14 
d e a th s , were r e p o r te d .  These 46 cases  in  1963 re p re se n te d  th e  
h ig h e s t t o t a l  fo r  any one year s in c e  1939 and th e  e ig h th  h ig h e s t 
s in c e  1899. Commercially canned food p ro d u c ts  accounted fo r  19 cases 
w ith  7 d e a th s . Home canned foods r e s u l te d  in  22 cases  w ith  5 d e a th s .
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N ickerson and G o ld b li th  (39) re p o r te d  th a t  th e re  had been no
outgrow th and to x in  p ro d u c tio n  in  any sample o f shucked clams
2 4 6in o c u la te d  w ith  £ .  bo tu linum  type E , a t  10 , 10 and 10 sp o re s /g  o f
A laska , B eluga, M inneapolis and E8 s t r a in s  a f t e r  i r r a d i a t i o n  a t  350,
600 and 800 Krads or in  u n ir r a d ia te d  clams s to re d  a t  35°F or low er.
2 4They fu r th e r  showed th a t  shucked clams in o c u la te d  w ith  10 , 10 and
g
10 mixed s p o re s /g  o f th e  same 4 s t r a in s  o f C. botulinum  type E,
i r r a d ia te d  a t  350 Krad produced to x in  a f t e r  27 days a t  40°F . Shucked
4 6s o f t - s h e l le d  clams in o c u la te d  w ith  10 and 10 mixed s p o re s /g  o f th e  
same 4 s t r a in s  o f type E , i r r a d ia t e d  a t  600 Krad produced to x in  a f t e r  
90 and 47 days r e s p e c t iv e ly  a t  40°F .
Johnson e t  a l .  (24) showed ev idence which in d ic a te d  th a t  
s e ro lo g ic a l  p rocedures were a p p lic a b le  to  the  d e te c tio n  o f b o tu l in a l  
to x in s  in  fo o d .
MATERIALS AND METHODS
I .  P re lim in a ry  R esearch
P re p a ra tio n  o f Shrimp and Shucked O yster Homogenates
F resh  random samples o f h ead less  shrim p and shucked o y s te r s  were 
weighed o u t in  t r i p l i c a t e  20 gram p o rtio n s  in to  3 in d iv id u a l s t e r i l e  
screw  cap Waring B lendor j a r s .  To each  Waring B lendor j a r ,  180 ml o f 
B u t t e r f i e l d s 1s B u ffe r were added and the  m ix tu re  was b lended  fo r  2 
m in u te s . The 1 :10 shrim p homogenate was p laced  in to  a  16 ounce 
nalgene j a r .
In o c u la tio n  o f Shrimp and Shucked O yster Homogenates w ith  Spores
A mixed c u l tu re  of C. bo tu linum  type E sp o res  was added to  th e
1:10 shrim p homogenate in  16 ounce nalgene screw  top  j a r s  y ie ld in g  a
f in a l  c o n c e n tra tio n  of 10^ s p o re s /g .  The mixed c u l tu r e  o f
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C. bo tu linum  type E spores o f 10 s p o re s /g  was determ ined by anaerob ic  
p la te  counts on L iv e r Veal Agar (D ifco) a t  85°F a f t e r  5 days j u s t  
p r io r  to  in o c u la t io n .
C lo s t r id ia l  Count
Im m ediately a f t e r  i r r a d i a t i o n ,  subsequent d i lu t io n s  were made 
from th e  o r ig in a l  1:10 shrim p and shucked o y s te r  hom ogenates. One ml 
o f th e  te n  fo ld  d i lu t io n s  were in o c u la te d  in to  L iv e r V eal 4% Egg Yolk 
A gar, L iver Veal A gar, Eugon Agar and A naerobic A gar. C lo s t r id ia l  
counts were made a f t e r  in c u b a tio n  o f th e  fo u r c u l tu re  m edia in  a
10
Case Anaerobe J a r  under a Ng atm osphere and a e ro b ic a l ly  fo r  48 hours 
a t  30°C.
In o c u la tio n  o f Tryptone Glucose Peptone Medium w ith  Spores
T r ip l ic a te  s t e r i l e  25 x 150 mm tubes c o n ta in in g  30 ml o f 
Tryptone G lucose Peptone Medium (T .G .P .) were in o c u la te d  w ith  a  
mixed c u l tu re  o f C. bo tu linum  type E y ie ld in g  a  f in a l  c o n c e n tra tio n  
o f  10^ s p o re s /g .
Heat Treatm ent
In o c u la te d  T.G .P. tubes a t  10~* s p o re s /g  were h ea t shocked in  a 
w ated b a th  fo r  10, 13 and 15 m inutes a t  145°F.
C lo s t r id i a l  Count from T.G .P.
Im m ediately a f t e r  hea t shock ing , te n  fo ld  d i lu t io n s  were made
u s in g  B u t t e r f i e l d s 's  B u ffe r . One ml o f th e  te n  fo ld  d i lu t io n s  were
in o c u la te d  in to  L iv er Veal Agar 4% Egg Y olk. C lo s t r id i a l  counts were
made a f t e r  in c u b a tio n  in  a Case Anaerobe J a r  under a atm osphere
oand a e ro b ic a l ly  fo r  48 hours a t  30 F .
I I .  Assay o f Shrimp and O ysters fo r  JC. bo tu linum , type E to x in  
H andling Procedure fo r  Shrimp and O ysters
The sam ples fo r  t h i s  work were o b ta in e d  from v a rio u s  commercial 
p ro c e sso rs  and packers in  th e  G ulf C oast a re a .
The samples were packed in  crushed  ic e  in  A rc tic  hampers and 
r e tu rn e d  to  th e  Departm ent o f Food Science and Technology 
L a b o ra to r ie s  a t  L .S .U . in  Baton Rouge w ith in  5 h o u rs . These samples 
had been o u t o f the w ate r 24 to  72 hours p r io r  to  a r r i v a l  on campus.
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The com m ercial f ro z e n  p e e le d , deveined  and b read ed  sa p p le s  o b ta in e d  
from  r e t a i l  o u t l e t s  w ere a ls o  packed in  c ru sh e d  ic e  in  A rc t ic  hampers 
and r e tu rn e d  to  th e  la b o r a to r y .  The sam ples w ere th e n  assay ed  fo r  
C. b o tu lin u m  ty p e  E a c c o rd in g  to  th e  p ro c e d u re s  recommended and used  
by th e  U. S. D epartm ent o f H e a lth , E d u c a tio n  and W e lfa re , Food and 
Drug A d m in is tra t io n  (2 6 ) .
P rep a ra tio n  o f  Shrimp Sample and D ilu t io n
Random sam ples o f whole o r h e a d le s s  shrim p were w eighed o u t in  
t r i p l i c a t e  20 gram p o r tio n s  in to  3 in d iv id u a l  s t e r i l e  screw  cap 
W aring B lendor j a r s .  To each  W aring B lendor j a r ,  180 ml o f 
B u t t e r f i e l d s rs P hosphate  B u ffe r  w ere added and th e  m ix tu re  was 
b len d ed  fo r  2 m in u te s .
P rep a ra tio n  o f  O yster Sample and D ilu t io n
Random sam ples o f f r e s h  shucked o y s te r s  were w eighed in  t r i p l i ­
c a te  50 gram p o r tio n s  in to  3 in d iv id u a l  s t e r i l e  screw  cap  W aring
B lendor j a r s .  To each  W aring B lendor j a r ,  50 ml o f B u t t e r f i e l d s ' s 
Phosphate B u ffe r  w ere added and th e  m ix tu re  was b len d ed  fo r  2 
m in u te s .
A lco h o l T reated  Shrimp or O ysters
One ml sam ples w ere ta k e n  from  th e  o r ig in a l  d i l u t i o n  and added
to  1 ml o f 95% e th y l  a lc o h o l in  s t e r i l e  t e s t  tu b e s .  T h is m ix tu re  was
allow ed  to  s ta n d  a t  room te m p e ra tu re  fo r  e x a c t ly  1 hour w ith  
o c c a s io n a l m ix in g .
A f te r  1 hour o f  th e  e th y l  a lc o h o l t r e a tm e n t ,  s t e r i l e  p e t r i  d ish e s  
o f L iv e r  V eal Agar 4% Egg Yolk Medium (L .V .E .Y .) and L iv e r  V eal Agar
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w ith o u t egg yo lk  medium (L.V .) were s tre a k e d  w ith  samples o f the 
a lco h o l t r e a te d  suspension . These L.V.E.Y. s tre a k e d  p la te s  were
incubated  a n a e ro b ic a lly  in  a Case Anaerobe J a r  under a atm osphere,
and L.V. s tre a k e d  p la te s  were in cu b a ted  a e ro b ic a l ly  fo r  24 to  48 
hours a t  30°C.
T r ip l ic a te  s t e r i l e  25 x 150 mm tubes c o n ta in in g  30 ml of Tryptone 
Glucose Peptone Medium (T .G .P .) were in o c u la te d  w ith  0 .1  ml of the
a lco h o l t r e a te d  suspension . A lso t r i p l i c a t e  s t e r i l e  25 x 150 mm
tubes co n ta in in g  30 ml o f Cooked Meat Medium (C.M.) were in o cu la ted  
w ith  0 ,1  ml o f the  a lco h o l t r e a te d  sam ple. The in o cu la ted  tubes 
were then  incubated  a t  30°C fo r  10-12 days.
Non-Alcohol T reated  Shrimp
T r ip l ic a te  s t e r i l e  tubes o f T.G .P. were in o cu la ted  w ith  4 ml o f 
th e  o r ig in a l  1:10 d i lu t io n  of b lended  shrim p. Also t r i p l i c a t e  s t e r i l e  
tubes o f C. M, were in o c u la ted  w ith  4 ml o f the  o r ig in a l  1:10 d i lu t io n  
o f b lended shrim p.
At the  same tim e, 10 ml of th e  o r ig in a l  d i lu t io n  of shrimp were 
added to  90 ml of s t e r i l e  B u t t e r f i e ld s 's  Phosphate B u ffe r r e s u l t in g  
in  a  100 -fo ld  d i lu t io n  of th e  o r ig in a l  d i lu t io n  of b lended  shrim p. 
T r ip l ic a te  s t e r i l e  tubes o f T.G .P. Medium were in o cu la ted  w ith  4 ml 
o f th i s  100 fo ld  d i lu t io n  o f shrim p. The in o c u la ted  tubes were 
incubated  a t  30°C fo r  10-12 days.
Non-Alcohol T rea ted  O ysters
T r ip l ic a te  s t e r i l e  tubes o f T.G .P. were in o c u la ted  w ith  4 ml of 
the  o r ig in a l  1:1 d i lu t io n  of b lended o y s te r s .  T r ip l ic a te  s t e r i l e  
tubes o f C.M. were in o cu la ted  w ith  4 ml o f th e  o r ig in a l  1:1 d i lu t io n
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of b lended o y s te r s .
At the  same tim e , 20 ml o f the  o r ig in a l  homogenate o f o y s te rs  
were added to  80 ml o f s t e r i l e  B u t t e r f i e ld s rs Phosphate B uffer 
r e s u l t in g  in  a  100-fo ld  d i lu t io n  of the  o r ig in a l  d i lu t io n  of b lended 
o y s te r s .  T r ip l ic a te  s t e r i l e  tubes o f T.G.P. Medium were in o cu la ted  
w ith  4 ml of the  1 0 0 -fo ld  d i lu t io n  of o y s te r s .  Also t r i p l i c a t e  
s t e r i l e  tubes of C.M. Medium were in o c u la ted  w ith  4 ml of the  100- 
fo ld  d i lu t io n  of o y s te r s .  The in o c u la te d  tubes were incubated  a t  
30°C fo r  10-12 days.
F u rth e r  C u ltu rin g
I f  growth occurred  in  th e  a lcoho l t r e a te d  C.M. Medium or T.G .P.
Medium, p o s it iv e  c u l tu re s  were s tre a k e d  on L.V.E.Y. Medium and L.V.
Medium and incubated  in  a Case Anaerobe J a r  under a atmosphere and
o
a e ro b ic a l ly ,  r e s p e c t iv e ly  fo r  24-48 hours a t  30 C .
Suspected co lo n ies  w ith  c u l tu r a l  and m orphological c h a ra c te r ­
i s t i c s  were s e le c te d  and gram s ta in e d  fo r  m icroscopic exam ination . I f  
th e  organism  appeared to  be C. bo tu linum , a to x in  assay  was perform ed.
I I I .  In o c u la tio n  S tud ies  w ith  Mixed Spore Suspension o f 
C. botulinum  Type E
P rep a ra tio n  o f Spore Suspension
A mixed spore s to ck  c u ltu re  of C. botulinum  type E c o n s is t in g  of
B eluga, A laska, M inneapolis and 8E s t r a in s  were u t i l i z e d  throughout
the  experim ent. These s t r a in s  were provided  by Dr. Schmidt o f the
C o n tin en ta l Can Company, Chicago, I l l i n o i s .  The mixed C. botulinum
type E spore suspensions were prepared  according to  Schmidt e t  a l .
(SO). Stock c u ltu re s  o f C. botulinum  type E were in o c u la ted  in to
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30 ml q u a n t i t ie s  in  25 x 150 mm screw cap tubes o f t r y p t ic a s e  peptone
glucose (T .G .P .) s p o ru la tin g  medium and th e  suspension  was h ea t 
o
shocked a t  145 F fo r  10 m in u te s . These c u l tu re s  were then  in cu b a ted  
o
a t  85 F fo r  24 hours and 10 ml q u a n t i t ie s  were in o c u la te d  in to  8
ounce screw cap p r e s c r ip t io n  b o t t l e s  co n ta in in g  200 ml o f T.G .P. and 
o
in cu b a ted  a t  85 F fo r  5 d ay s . The sp o res were th en  h a rv e s te d  by 
c e n tr i fu g a t io n  a t  5 ,000  rpm and washed tw ice w ith  0.85% s t e r i l e  
sodium c h lo r id e  s o lu t io n .  For a l l  s t r a i n s ,  th e  c o n c e n tra tio n  of
g
sp o res  o b ta in ed  in  t h i s  manner was approx im ate ly  1 x 10 per m l. The
sp o res were th en  resuspended in  s t e r i l e  0.85% sodium c h lo r id e  s o lu t io n
3 4
to  g ive th e  d e s ire d  mixed spore  s to ck  c o n c e n tra tio n  of 10 and 10 
s p o re s /g  and h e ld  under r e f r ig e r a te d  s to ra g e  a t  40°F.
In o c u la tio n  o f Shrimp w ith  Spores
A mixed c u l tu re  o f C. bo tu linum  type E spo res  was added to  20 g
o f  f r e s h  h ead le ss  shrim p in  16 ounce Nalgene screw  top j a r s  y ie ld in g
a  f in a l  c o n c e n tra tio n  o f 10^ and 10^ s p o re s /g .  The mixed c u l tu re  o f
3 4
C. bo tu linum  type E sp o res  o f 10 and 10 s p o re s /g  were determ ined by
o
anaerob ic  p la te  counts on L iv e r V eal Agar (D ifco) a t  85 F a f t e r  5 days 
j u s t  p r io r  to  in o c u la t io n .
In o c u la tio n  o f  Shucked O ysters w ith  Spores
A mixed c u l tu re  o f C.  bo tu linum  type E sp o res was added to  50 g
o f  f r e s h  shucked o y s te rs  in  16 ounce Nalgene screw  top ja r s  y ie ld in g
3 4
a f in a l  c o n c e n tra tio n  o f 10 and 10 s p o re s /g . The mixed c u l tu re  o f
3 4
botu linum  type E spo res  o f 10 and 10 sp o re s /g  was determ ined by
o
anaerob ic  p la te d  counts on L iv e r Veal Agar (D ifco) a t  85 F a f t e r  5 
days p r io r  to  in o c u la t io n .
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I r r a d ia t io n  o f Shrimp and Shucked O ysters
The in o c u la te d  shucked o y s te rs  and shrim p which were to  be
i r r a d ia te d  in  16 ounce Nalgene j a r s  were p laced  in s id e  a  21 x 11 in c h
d iv in g  b e l l  and low ered to  th e  bottom  o f a 20 fo o t w e ll f i l l e d  w ith
w ater and allow ed to  rem ain in  p ro x im ity  to  a 11 ,000-C urie  source o f 
60
th e  Co i r r a d i a t o r  lo c a te d  a t  th e  L o u is ian a  S ta te  U n iv e rs ity  
N uclear Science C e n te r . The dosages employed were 150, 200, 300, 500 
and 600 K rads, r e s p e c t iv e ly .  F r ic k e  dosim etry  (1) was u t i l i z e d  fo r  
m easuring gamma r a d ia t io n  by o x id a tio n  of fe rro u s  ammonium s u l f a te  
and d e te rm in a tio n  o f th e  f e r r i c  io n  sp e c tro p h o to m e tr ie a lly . The 
average dose in  th e  c e n te r  o f th e  d iv in g  b e l l  was found to  be 2 ,000 
rad s  per m in u te .
Toxin Assay Procedure on Shucked O ysters and Shrimp
A m o d if ic a tio n  o f th e  Duff e t  a l .  (15) to x in  assay  procedure was
u t i l i z e d ,  in  which 50 ml o f s t e r i l e  0.85% sodium c h lo r id e  was added
to  a  50 g sample o f in o c u la te d  shucked o y s te r s  and homogenized 2
m inutes in  a  s t e r i l e  screw  cap Waring B lendor g iv in g  a  1:1 d i lu t io n .
In  c o n tr a s t  th e  procedure fo r  shrim p c a l le d  fo r  adding 20 ml o f 0.85%
sodium c h lo r id e  to  a  20 g sample o f in o c u la te d  shrim p. A 10 ml
a l iq u o t  o f  t h i s  d i lu t io n  was a d ju s te d  to  pH 6.2 u sin g  IN NaOH o r IN
HCl. Two m i l l i l i t e r s  o f th e  form er a l iq u o t  were t r a n s f e r r e d  to  two
16 x 125 mm screw  cap tu b e s ;  one tube was mixed w ith  0 .2  ml o f a  10%
s o lu t io n  o f t ry p s in  (D ifco , 1:250 a c t i v i t y )  r e s u l t in g  in  a 1% t ry p s in
s o lu t io n .  T ry p sin  d ig e s t io n  was c a r r ie d  out fo r  45 m inutes a t  98°F.
T ry p sin  (0 .2  ml) was added to  th e  second tube and th e  tube then  h ea ted
o
f o r  11 m inutes a t  212 F in  b o i l in g  w a te r . A 1 :10 d i lu t io n  of 
trypJShaLzed m ix tu res  o f tubes 1 and 2 were p repared  by adding 8 ml of
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ge l-p h o sp h a te  b u f f e r ,  pH 6 .2 . Two Carw orth C.F.W. mice were each 
in je c te d  w ith  0 .5  ml o f type E a n t i to x in  (5 in te r n a t io n a l  u n i t s ) .
The w h ite  male mice u t i l i z e d  th roughout th e  experim ent were o b ta in ed  
from C arw orth , I n c . ,  New C ity , Rockland County, New York. The 
a n t i to x in  u t i l i z e d  was o b ta in ed  from th e  B io lo g ic a l Reagents S ec tio n , 
Communicable D isease C e n te r , A t la n ta ,  G eorgia ( 3 ) .  A fte r  30 m inutes 
0 .5  ml o f th e  nonheated  t ry p s in iz e d  1:10 d i lu t io n  was in je c te d  in to  
each  p ro te c te d  an im al. Two a d d it io n a l  mice were each  in je c te d  w ith  
0 .5  ml o f nonheated t ry p s in iz e d  1:10 e x t r a c t .  Another p a ir  o f  mice 
was in je c te d  w ith  0 .5  ml o f th e  1 :10  h ea ted  t ry p s in iz e d  e x t r a c t .  The 
in o c u la te d  mice were m ain ta in ed  fo r  48 hours and o b se rv a tio n s  were 
reco rd ed  a t  f re q u e n t i n t e r v a l s . These e n t i r e  mice t e s t s  were perform ed 
in  t r i p l i c a t e .
Type E to x in  was co n s id e red  to  be p re se n t in  th e  samples only  
when mice in je c te d  w ith  th e  t ry p s in iz e d  sample d ied  w ith  symptoms of 
b o tu lism  w ith in  24 hours as c o r r e la te d  w ith  s u rv iv a l  o f mice 
p ro te c te d  w ith  type E a n t i to x in  w ith o u t ap p aren t i l l n e s s  fo r  a t  l e a s t  
48 hours as w e ll as th e  c o n tro l  mice in o c u la te d  w ith  th e  h ea ted  
t ry p s in iz e d  sam ples.
RESULTS AND DISCUSSION
C lostr id iu m  botulinum  in  food or sam ples from nature has been  
shown by Dolman (1 0 ) , Johannsen (2 0 ), and Meyer (3 2 ) . There are only  
a few media fo r  th e  i s o la t io n  o f  C. botulinum ., th ere fo re  s e le c t in g  
the b e s t  medium i s  o f great im portance.
I s o la t io n  t e s t s  fo r  dem onstra tion  of C. b o tu lin u m , type E to x in  
were perform ed u t i l i z i n g  th e  methods o f Slocum (53) and Schmidt (47, 
48) as w e ll as th e  l a t e s t  methods of th e  U. S . Food and Drug 
A d m in is tra tio n , Department o f H e a lth , E ducation  and W elfare (7 ) .
The procedure employed fo r  dem onstra tion  o f C. botu linum  
u s u a lly  in v o lv es th e  exam ination fo r  the p resence  o f th e  to x in  from 
an e n r ic h e d  b ro th  c u l tu r e .  Dolman (10) s ta t e d  th a t  d em o n stra tio n  of 
th e  to x in  i s  s u f f i c i e n t  ev idence th a t  C. bo tu linum  i s  p re se n t;  
however, th i s  ev idence i s  s tre n g th e n e d  by i s o l a t i o n  o f th e  organism  
in  pure c u l tu r e .
Johannsen (20) s ta te d  th a t  th e  f a i lu r e  to  f in d  to x in  in  an 
en rich ed  b ro th  c u l tu re  does n o t n e c e s s a r i ly  in d ic a te  th e  com plete 
absence o f C. bo tu linum  from th e  o r ig in a l  sam ple, s in c e  o th e r 
organism s may i n h ib i t  i t s  growth or d es tro y  th e  to x in .
Due to  the  p resence  of n o n tox igen ic  s t r a in s  o f C. bo tu linum  type 
E to x in  in  n a tu re , i t  was decided  to  i s o la t e  C. bo tu linum  type E 
to x in  in  pure c u l tu r e  from a lco h o l t r e a te d  and n o n tre a te d  shrim p and 
o y s te rs  samples on T .G .P . enrichm ent b ro th ,  fo llow ed  by  mouse 
to x ic i ty  t e s t s .
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Comparison o f  Four D if fe r e n t  Media fo r  R ecovery o f  Spores
The r e s u l t s  o f T ables I  and I I  were taken  from an average o f 
t r i p l i c a t e  d e te rm in a tio n s . Tables I  and I I  showed th a t  L iv e r Veal 4% 
Egg Yolk Agar was a  s u p e r io r  medium fo r  reco v ery  o f JC. b o tu lin u m , 
type E a f t e r  i r r a d i a t i o n  a t  300 and 600 Krads as w e ll as f o r  th e  non­
i r r a d ia te d  sam ple. N ickerson  and G o ld b lith  (39) found th a t  L iv er Veal 
4% Egg Yolk A gar, which i s  used by th e  U. S . Food and Drug 
A d m in is tra tio n , to  be th e  medium o f ch o ice  fo r  reco v ery  o f £ .  bo tulinum , 
type E , when compared to  s e v e ra l  o th e r  d i f f e r e n t  mediums.
The r e s u l t s  o f  Table I I I  were tak en  from an average o f t r i p l i ­
c a te  d e te rm in a tio n s . T ab le  I I I  showed h e a t shocking of mixed spo res 
fo r  10, 13 and 15 m inuted decreased  th e  number o f v ia b le  spo res  as 
compared to  th e  n o n -h eated  shocked s p o re s . A d e c is io n  was made n o t to  
use a h ea t p re tre a tm e n t b e fo re  i s o la t in g  C. b o tu linum , type E from 
shrim p and o y s te r s .  The reaso n in g  was b ased  on th e  lower h ea t 
r e s i s ta n c e  of C. b o tu lin u m , type E th an  a l l  o th e r  C. bo tu linum  types 
and th e  f a c t  th a t  th e re  m ight be sm all numbers o f the  organism  in  
shrim p and o y s te r s  and th e re b y  le s s e n  the  chances o f re c o v e ry .
Segner e t  a l .  (52) showed in  therm al r e s i s ta n c e  s tu d ie s  in  lab o ­
r a to r y  media th a t  th e  M inneapolis s t r a i n  was th e  most r e s i s t a n t  and 
A laska th e  l e a s t  r e s i s t a n t .  The therm al r e s i s ta n c e  o f  th e  8E s t r a i n  
was about 80% o f th a t  o f th e  M inneapolis and the  A laska s t r a i n  was 
50%.
Because o f th e  s tro n g  evidence in  su p p o rt of th e  c u l tu r e  media 
f o r  C. bo tu linum  type E from th e  l i t e r a t u r e ,  p lu s  3 y ea rs  o f p e rso n a l 
e x p e rie n c e , T .G .P. b ro th  and L iv er Veal Agar 4% Egg Yolk were used 
throughout th e se  in v e s t ig a t io n s .
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Segner _et a l .  (52) s tu d ie d  th e  e f f e c t  o f s a l t  (sodium ch lo r id e )  
c o n ce n tra tio n  on the outgrow th o f type E spore in o cu la  in  la b o ra to ry  
c u ltu re  m edia. The in v e s t ig a to r s  re p o rte d  th a t  in  a la b o ra to ry  
c u ltu re  medium C. botu linum  type E possessed  a le v e l  o f sodium 
c h lo r id e  in h ib i t io n  c o n s id e ra b ly  below th a t  recogn ized  fo r  types A 
and B. At 60°, 70°, and 85°F, 5.0% s a l t  was re q u ire d  fo r  complete 
in h ib i t io n  of spore ou tgrow th . Lower tem peratu res o f in cu b a tio n  had 
l i t t l e  e f f e c t  on th e  s a l t  to le ra n c e  of type E spore in o c u la . S a l t  a t  
a c o n c e n tra tio n  of 4.5% was re q u ire d  fo r  d e f in i te  in h ib i t io n  a t  46° 
and 50°F.
Segner e t  a l .  (52) re p o r te d  th e  e f f e c t  o f pH on the outgrow th of 
type E spore in o c u la  a t  v a r io u s  te m p e ra tu re s . They found th a t  type E , 
C. botulinum  would n o t t o l e r a te  any lower pH (5 .03  to  5 .46) than th a t  
accep ted  as com pletely  in h ib i to ry  fo r  outgrow th o f types A and B 
s p o re s .
Assay fo r  C. botulinum  Type E in  Shrimp
The r e s u l t s  o f th e  m ic ro b io lo g ic a l assay  fo r  £ .  botulinum  type E 
on Gulf Coast f r e s h  shrimp samples o b ta in ed  from commercial 
p ro c e sso rs , as w e ll as fro z e n  samples from r e t a i l  o u t le t s  a re  found 
in  th e  fo llo w in g  ta b le .  Table IV p re se n ts  the  r e s u l t s  o f assays on 
L o u is ian a  whole and h ead less  f re s h  G ulf shrim p, as w e ll as the r e s u l t s  
o f assayscon r e t a i l  f r e s h  whole shrimp samples and fro zen  peeled  and 
deveined shrim p. Table IV p re se n ts  th e  r e s u l t s  o f assays on head less 
f re s h  shrimp samples from commercial p ro cesso rs  and fro zen  b readed , 
peeled  and deveined shrimp samples from r e t a i l  o u t le t s  in  Texas.
Table IV p re sen ts  the  r e s u l t s  o f assays on Alabama and M iss is s ip p i
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f re s h  head less shrimp samples from commercial p ro cesso rs  and r e t a i l  
b read ed , p eeled  and deveined fro zen  shrimp sam ples. Table XV a lso  
p re se n ts  the  r e s u l t s  o f assays on f re s h  head less  shrimp samples from 
commercial p ro cesso rs  and fro zen  b readed , p ee led  and deveined shrimp 
samples from r e t a i l  o u t le t s  in  G eorg ia . F in a l ly ,  Table IV shows the 
r e s u l t s  of assays on F lo r id a  fro zen  h e a d le s s , b readed , p eeled  and 
deveined shrimp samples which were o b ta in ed  from commercial 
p ro cesso rs  and a lso  fro zen  breaded shrimp samples from a r e t a i l  
o u t l e t .
These r e s u l t s  were based on a t  l e a s t  two d i f f e r e n t  samples from 
each lo c a t io n . Each sample was run  in  t r i p l i c a t e .  Over 700 pounds 
of w hole, head less  f re s h  shrimp and fro zen  p eeled  and deveined com­
m erc ia l fro zen  p roducts were sampled and examined in  t r i p l i c a t e  and 
no C. bo tu linum , type E to x in  was found p re se n t.
Assay fo r  C. botulinum  Type E in  O ysters
The r e s u l t s  o f the  m ic ro b io lo g ic a l assay  fo r  C. botulinum  
type E to x in  on G ulf Coast f r e s h  o y s te r s ,  washed, unwashed and 
breaded fro zen  samples o b ta in ed  from commercial p ro c e sso rs , as w ell 
as fro zen  samples a re  found in  Table V. Table V p re se n ts  th e  r e s u l t s  
of assays on L o u isian a  f re s h  washed and unwashed shucked o y s te rs  
o b ta in ed  from commercial p ro c e sso rs , as w e ll as r e s u l t s  o f assays on 
r e t a i l  f r e s h  shucked o y s te r  sam ples. Table V shows r e s u l t s  on washed 
f re s h  shucked o y s te rs  from commercial p ro cesso rs  in  M is s is s ip p i and 
A labam a.. Table V p re se n ts  the  r e s u l t s  o f assays on washed fro zen  
shucked o y s te rs  ob ta in ed  from r e t a i l  o u t le ts  in  Alabama. Table V 
a lso  shows the  r e s u l t s  o f  assays on fro zen  breaded and canned o y s te rs
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o b ta in e d  from r e t a i l  o u t le t s  in  G eo rg ia . Table V p re se n ts  a ls o  the  
r e s u l t s  o f assays on Texas unwashed f r e s h  shucked o y s te rs  and breaded 
fro z en  o y s te rs  from commercial p ro c e ss o rs .
The r e s u l t s  o f  Table V were based  on a t  l e a s t  two d i f f e r e n t  
sam ples from each  lo c a t io n .  Each sample was ru n  in  t r i p l i c a t e .
Over 300 pounds o f f re s h  whole washed and unwashed o y s te rs  and 
fro z e n  breaded r e t a i l  o y s te rs  were sampled and examined in  t r i p l i c a t e  
and no C. bo tu linum  type E to x in  was d e te c te d .
In  the p re se n t in v e s t ig a t io n ,  a t o t a l  of more th an  1,000 pounds 
o f G ulf Coast f r e s h  shrimp and o y s te r  sam ples as w e ll as fro z e n  com­
m e rc ia l samples in  t r i p l i c a t e  has been found n e g a tiv e  fo r  
C. bo tu linum  type E to x in .
The only  s in g le  C lo s trid iu m  p re se n t and id e n t i f i e d  was 
sporogenes in  a  shrimp sample from a r e t a i l  o u t l e t  in  New O rlean s, 
L o u is ia n a .
According to  U. S. P ub lic  H ea lth  re c o rd s  th e re  have n o t been any 
cases  o f b o tu lism , s p e c i f i c a l ly  type E , a s s o c ia te d  w ith  G ulf Coast 
shrim p or o y s te r s .  A review  o f th e  l i t e r a t u r e  and s t a t e  p u b lic  
h e a l th  reco rd s  has never re v e a le d  a s in g le  case o f C. bo tu lin u m , type 
E w hich has been d i r e c t ly  tra c e d  to  f r e s h  G ulf C oast shrimp and 
o y s te r s .  However, Ward (55) v e ry  r e c e n t ly  found type  E p re se n t in  1 
o f th e  2 samples o f w h ite  shrimp from A ransas P ass , Texas (1 tube of 
10 showed the p resence of type E ) . A ccording to  U. S. P u b lic  H ea lth  
L ab o ra to ry  a t  Dauphin I s la n d ,  one o y s te r  sample from M obile Bay from 
an a re a  o f low s a l t  c o n c e n tra tio n  has been found p o s i t iv e  fo r  
C. botu linum  type E (5 4 ).
These re p o r te d  f in d in g s  r e c e n t ly  o f C!, b o tu lin u m , type E to x in
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emphasize th e  low r e l a t iv e  incidence o f C. botulinum  in  th e  Gulf of 
M exico. However, th i s  does not negate  the  p o s s ib le  p o te n t ia l  
in h e re n t danger of the p resence of C. botu linum , type E to x in .
Jobnston a t  a l .  (23) showed th a t  the  chem ical r e s is ta n c e  of type 
E spores could  be u t i l i z e d  to  se p a ra te  them from th e  contam inating  
v e g e ta tiv e  m ic ro f lo ra . They found th a t  a 50% c o n c e n tra tio n  o f e th an o l 
was germ ic ida l fo r  v e g e ta tiv e  c e l l s ,  w ithou t ad v erse ly  a f f e c t in g  type 
E sp o re s . T his co n c en tra tio n  was o b ta in ed  by m ixing equal p a r ts  of 
ab so lu te  e th an o l and th e  enrichm ent c u l tu r e .  F u rth e r  work by Johnston 
e t  a l .  (23) showed th a t  when enrichm ent c u ltu re s  from f i s h  were 
s tre a k e d  on m edia w ithou t a lcoho l tre a tm e n t, th e  overgrow th of fa c u l­
t a t i v e  m icroorganism s p reven ted  th e  recovery  o f C. botu linum  type E. 
These workers a lso  dem onstrated th a t  d i r e c t  p la t in g  of m acerated  
f i s h  w ithou t a lcoho l tre a tm e n t was n o t su c c e ss fu l fo r  i s o la t in g  the 
s p e c ie s ,  whereas a lcoho l trea tm en t o f th e  f is h  o f te n  p e rm itte d  iso ­
l a t io n  by d i r e c t  p la t in g .  They f e l t  th a t  the a b i l i t y  of C. botulin tan 
type E to  sp o ru la te  more r e a d i ly  th an  many o th e r sporeform ers in  
T .G .P . enrichm ent b ro th  a ided  in  i t s  i s o la t io n  by means o f th e  
a lco h o l tre a tm e n t.
T o x ic ity  T ests  on Gulf Coast H eadless Shrimp
The r e s u l t s  of T ables VI and V II show th a t  no C. b o tu lin u m ,
type  E to x in  was produced when f re s h  shrimp samples were s to r e d  on 
o
ic e  (33 F) up to  14 days, a f t e r  be in g  in o cu la ted  w ith  mixed C.
bo tu linum  type E spore suspensions of 10^ and 10^ sp o re s /g  and exposed 
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to  Co r a d ia t io n  from 150 to  500 K rads.
In  Tables VI and V II , no to x in  p roduction  was dem onstrated when
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f r e s h  n o n ir ra d ia te d  samples were s to re d  on ic e  (33°F) a f te r  30 and 31
3
days, a f t e r  being  in o c u la te d  w ith  C. botulinum  type E spores a t  10 
4
and 10 sp o re s /g .
In  Tables V III  and IX to x in  p rod u ctio n  was in d ic a te d  a f te r  7 and 
14 days when f r e s h  shrimp were s to re d  a t  42°F a f te r  b e in g  in o c u la te d
a /
w ith  mixed C. botu linum  type E spores a t  10 and 10 sp o re s /g  and 
60exposed to  Co r a d ia t io n  a t  150, 200, and 300 Krads as w ell as in
th e  n o n ir ra d ia te d  c o n tro l .
In  Tables V III  and IX C. bo tu linum , type E to x in  p rod u ctio n  was
shown a f t e r  30 and 31 days when f re s h  shrimp were s to re d  a t  42°F a f t e r
3 4
bein g  in o c u la te d  w ith  mixed botulinum  type E spores a t  10 and 10
60
sp o re s /g  re s p e c t iv e ly  and su b je c te d  to  Co ra d ia t io n  a t  500 K rads.
o
I t  should be noted  in  Tables V III  and IX th a t  a t  42 F w ith  an 
3 4in o c u la tio n  of 10 and 10 sp o re s /g  re s p e c t iv e ly  a t  500 K rads, no
to x ic i ty  was found excep t a f t e r  30 and 31 days.
I t  thus appears th a t  th e re  i s  a  tem perature  requ irem ent fo r  th e
p ro d u c tio n  of to x in  by type E C. botulinum  as no to x in  was produced
oin  the i r r a d ia te d  or c o n tro lle d  f re s h  shrimp s to re d  a t  32 F ( ic e )  
du ring  th e  30 days o f th e se  t e s t s .
T o x ic ity  T ests on G ulf Coast Shucked O ysters
The r e s u l t s  o f Tables V II and V III  show th a t  no C. bo tu linum ,
type E to x in  was produced when fr e sh  Gulf Coast shucked o y sters  were 
o
s to re d  on ic e  (33 F) up to  30 days, a f t e r  be ing  in o c u la te d  w ith
mixed C. botulinum  type E spores o f 10 and 10 sp o re s /g  and exposed 
60to  Co r a d ia t io n  a t  150, 200, 300 and 500 K rads.
o 3 4I t  should be no ted  In  Tables X aiid XI a t  33 F w ith  10 and 10
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sp o r e s /g  th a t no t o x ic i t y  was found on n o n irra d ia ted  G ulf Coast
shucked o y s te r s  up to  31 days s to ra g e  tim e .
In  T ables X II and X III  C. b o tu lin u m . type E to x in  p ro d u c tio n  was
in d ic a te d  a f t e r  30 days when f re s h  G ulf C oast shucked o y s te rs  were 
o
s to re d  a t  42 F a f t e r  b e in g  in o c u la te d  w ith  mixed C. bo tu linum  "type E
3 4 ,  60
sp o res  a t  10 and 10 s p o re s /g  and su b je c te d  to  Co r a d ia t io n  a t  150,
200, 300, and 500 Krads as w e ll as in  th e  n o n ir r a d ia te d  c o n tr o l .
I t  thus appears th a t th ere  i s  a tem perature requirem ent fo r  the
p ro d u c tio n  of to x in  by type E C. bo tu linum  as no to x in  was produced
in  th e  i r r a d i a t e d  o r c o n tro l  f r e s h  o y s te rs  s to re d  a t  32°F ( ic e )
du ring  th e  31 days o f th e se  t e s t s .
N ickerson  and G o ld b lith  (39) re p o r te d  th a t  C. bo tu linum  type E
was found in  Chesapeake Bay clams in  very  sm all num bers.
The f a c t  t h a t  C. bo tu linum  type E produced to x in  in  7 days in
h ead less  shrim p w h ile  th e  organism  took  30 days in  shucked o y s te r s
in d ic a te d  th a t  shrim p appeared  to  be a  b e t t e r  n u t r ie n t  medium fo r
o
growth and to x in  p ro d u c tio n  them shucked o y s te r s  a t  42 F .
I t  shou ld  be no ted  th a t  when f r e s h  G ulf Coast h e ad le ss  shrim p 
were s to re d  a t  42°F a f t e r  b e in g  in o c u la te d  w ith  mixed (3. bo tu linum  
type E spo res  a t  10^ and 10^ s p o re s /g  and s u b je c te d  to  Co^^ r a d ia t io n  
a t  500 K rads, no to x i c i t y  was found up to  14 day s . T his su g g ests  
th a t  th e  500 Krad dose r e ta rd e d  th e  n a tu r a l  a b i l i t y  o f th e  organism  
in  th e  spore  s ta g e  to  germ inate  in to  th e  v e g e ta t iv e  s ta g e  and 
produce to x in .  Another p o s s i b i l i t y  i s  th a t  th e  delayed  to x in  p ro ­
d u c tio n  a t  500 Krads in  h ead le ss  shrim p may be due to  to x ic  p roducts  
o r in h ib i to r s  produced in  th e  shrim p which m ight have in te r f e r e d  i w ith  
th e  spore  g erm in a tio n  o r v e g e ta tiv e  c e l l  fo rm atio n .
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Toxin p ro d u c tio n  was found in  n o n ir r a d ia te d  and i r r a d i a t e d
3
shucked o y s te rs  in o c u la te d  w ith  mixed sp o res  su sp en sio n s  o f  10 and 
10 s p o re s /g  of C. bo tu linum  type E a f t e r  30 days a t  42 F . N ickerson  
and G o ld b lith  (39) dem onstrated  s im ila r  to x in  p ro d u c tio n  in  non­
i r r a d ia te d  and i r r a d i a t e d  Haddock and shucked clams in o c u la te d  w ith
2 4
mixed spo res  o f  C, bo tu linum  type E a t  10 and 10 s p o re s /g .
R egular checks by p la te  counts a f t e r  in o c u la t io n  and to x in  
p ro d u c tio n  fo r  C. b o tu lin u m . type E were perform ed-on b o th  i r r a d ia t e d  
and c o n tro l  shrim p and o y s te r  sam ples. These p la te  coun ts in d ic a te d  
on ly  a sm all in c re a se  in  number from th e  o r ig in a l  spore  in o c u la .
Thus i t  appears th a t  to x in  p ro d u c tio n  was due to  s p o ru la t io n  fo llow ed  
by th e  v e g e ta t iv e  s ta g e  and subsequent to x in  p ro d u c tio n  from th e  
o r ig in a l  in o c u la  r a th e r  th e n  th e  sm all in c re a se  in  th e  p o p u la tio n  
s i z e .
L iuzzo and Novak (30) s ta t e d  th a t  shrim p s to ra g e  l i f e  cou ld  be
ex tended  from 21 to  37 days when i r r a d i a t e d  a t  50,000 rad s  and s to re d
oa t  32 F . The b a c t e r i a l  count showed th a t  i r r a d i a t i o n  r e s u l te d  in  a 
b a c t e r i a l  count o f 40,000 as compared to  800,000 fo r  th e  non­
i r r a d i a t e d  sam ples when th ey  were s to re d  a t  32°F fo r  th e  same p e rio d
o f tim e . I t  was a ls o  e v id e n t th a t  s to ra g e  a t  32°F was more b e n e f i-  
o
c i a l  th an  36-40 F in  keep ing  th e  b a c t e r i a l  count low.
Novak e t  _al. (41) showed th a t  o y s te r s  i r r a d ia t e d  w ith  0 .2  Mrad
and s to re d  in  crushed  ic e  fo r  7 , 14, and 21 days were s u p e r io r  in
f la v o r ,  od o r, and appearance to  u n ir r a d ia te d  samples a f t e r  7 days ' 
s to r a g e ,  and s t i l l  a c ce p tab le  a f t e r  21 days. I r r a d i a t i o n  reduced 
i n i t i a l  b a c te r i a  ( t o t a l  p la te )  counts by 99%. Trim ethylam ine and 
ammonia in c re a se d  more r a p id ly  in  u n ir r a d ia te d  o y s te rs  th an  in
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i r r a d ia te d  o y s te r s .
B a c te r ia  ( t o t a l  p la te )  coun ts in  shrimp and o y s te rs  can be
reduced s ig n i f ic a n t ly  by low dose ganana r a d ia t io n .  C. botulinum  type
E w il l  produce to x in  in  shrimp and o y s te rs  a t  42°F but n o t on ice  
o
(33 F ) . This d e f in i t e ly  in d ic a te d  th a t  s h e l l f i s h  should be s to re d  on
ic e  to  a ssu re  a g a in s t the  growth o f _C. bo tu linum . type E to x in  as w e ll
as a l l  o th e r b a c te r ia  fo r  maximum consumer acceptance and safety ..
I t  was a lso  no ted  in  f re s h  shrimp th a t  th e  pH in c re a se d  toward
th e  a lk a lin e  range during  iced  s to ra g e . N ickerson and G o ld b lith  (39)
found in  in v e s t ig a t io n s  w ith  f i s h  ju ic e  th a t  type E, C. botulinum
to x in  was much le s s  h ea t s ta b le  a t  h igher ( a lk a l in e )  pH le v e ls .
In  f re s h  shrim p, c o n tro l and experim en tal sam ples, th e  o r ig in a l
pH was approxim ately  7 and in c re a se d  s te a d ily  to  pH 8 .5  a t  the end of
30 days and rem ained r e la t iv e ly  co n sta n t a t  t h i s  pH th e r e a f t e r .  I t
was determ ined ex p erim en ta lly  by t e s t s  w ith  a l k a l i  in  th e  la b o ra to ry
th a t  between pH 8 ,5  and 9 .5  com plete in a c t iv a t io n  of th e  to x in  of
C. botu linum , type E was o b ta in ed  in  r e l a t iv e ly  sh o rt p e rio d s  of tim e
u t i l i z i n g  th e  mouse a ssay . There was very  l i t t l e  d if fe re n c e  in  t h i s
o
pH p a t te rn  between th e  i r r a d ia te d  and c o n tro l samples a t  32 F and 
o
42 F . This n a tu ra l  s a fe ty  fa c to r  when coupled w ith  the o b se rv a tio n
o o
th a t  shrimp s to re d  a t  32 F and 42 F become o rg a n o le p tic a l ly
unaccep tab le  in  re g a rd  to  sp o ilag e  (bad odor, f la v o r ,  and te x tu re )
o
b e fo re  to x in  p ro d u c tio n  a t  42 F supports  th e  evidence f o r  th e  absence 
o f to x in  in  the  survey fo r the p resence of type E to x in  in  Gulf Coast 
ic e d  f re s h  commercial shrim p.
In  f re s h  iced  o y s te r s ,  the o r ig in a l  pH was approxim ately  6.4 and 
decreased  to  pH 5 .2  w ith in  2 weeks and then g rad u a lly  ro se  to  pH 6 .0
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by th e  end o f 30 days and rem ained r e l a t i v e ly  c o n s ta n t th e r e a f t e r .  In
c o n tr a s t  to  th e  f r e s h  ic e d  shrim p, th e re  was a  d if fe re n c e  in  th e  pH
p a t te r n  betw een th e  i r r a d ia te d  and c o n tro l  iced  o y s te r  sam ples. The
i r r a d ia t e d  f r e s h  ic e d  o y s te r s  as w e ll as th o se  s to re d  a t  42°F dropped
to  a lower pH o f 3 .5  in  two weeks and ro se  v ery  l i t t l e  by the  end 30
days and rem ained r e l a t i v e ly  c o n s ta n t t h e r e a f t e r .  The nonproduction 
o
of to x in  a t  32 F and i t s  p ro d u c tio n  only  a f t e r  30 days in  th e
i r r a d ia te d  and c o n tro l  in o c u la te d  sam ples may w e ll be a s so c ia te d  w ith
t h i s  low n o n -p h y s io lo g ic a l pH. This f in d in g  i s  in  agreement w ith  th e
f in d in g s  o f Segner e t  _al. (52) who re p o r te d  th a t  pH 's lower th an  5
a re  com pletely  in h ib i to ry  fo r  C. b o tu lin u m , type E spore  outgrow th .
A fte r  30 days b o th  i r r a d ia t e d  and c o n tro l  samples o f ic e d  f r e s h
o
o y s te rs  and f r e s h  o y s te rs  s to re d  a t  42 F a re  o rg a n o le p tic a l ly  
un accep tab le  in  re g a rd  to  odo r, appearance and f re e  l iq u o r  when type 
E to x in  was f i r s t  d e te c te d  a t  42°F o n ly .
In  th e  U n ited  S ta te s  most shrim p a re  cooked b e fo re  be ing  
consumed. T his se rv es  as an a d d it io n a l  s a f e ty  f a c to r  a g a in s t th e  
e f f e c t  o f bo tu linum  to x in  i f  p re s e n t .  However, some o y s te rs  a re  
e a te n  raw , b u t th ey  a re  a lso  consumed ro a s te d ,  f r i e d ,  and b o i le d .  I f  
s h e l l f i s h  a re  cooked p ro p e r ly , a l l  s ix  types of botu linum  to x in s  w il l  
be d estro y ed  by h e a t .  Cooking fo r  10 miniitfes a t  100°C w i l l  d e s tro y  
a l l  known C. bo tu linum  to x in s  p re s e n t .
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Table I .  I r r a d ia t io n  R e s is ta n c e  o f Mixed Spores o f Type E
C. bo tu linum  in  a  1 :10 B u t t e r f i e ld s 's  B u ffe r Homogenate 
o f  G ulf C oast H eadless Shrimp and th e  E f f e c t  on Recovery 
in  S o lid  C u ltu re  Medium.
C u ltu re
Medium
C lo s t r id i a l  , 
0 Krad
Count Per Gram 
300 Krad
and I r r a d ia t io n  Dose 
600 Krad
L iv er Veal 4% 5.2  x 105 5 .2  x 103 2 .4  x 103
Egg Yolk Agar
L iv e r V eal Agar 3 .9  x 105 3 .9  x 103 1.2  x 103
Eugon Agar . 3 .1  x 105 4 .8  x  103 1 .3  x 103
5 3 3Anaerobic Agar 2 .8  x 103 3 .6  x 10 1.2  x 10
*B eluga, A lask a , M inneapolis and 8E.
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Table I I .  I r r a d ia t io n  R e s is ta n c e  of Mixed Spores o f Type E
C. bo tu linum  in  a  1 :10  B u t t e r f i e I d s 's  B u ffe r Homogenate 
o f G ulf Coast Shucked O ysters and th e  E f f e c t  on 
Recovery in  S o lid  C u ltu re  Medium.
C ulture C lo s tr id ia l Count Per Gram and Ir r a d ia t io n  Dose
Medium
0 Krad 300 Krad 600 Krad
L iver  V eal 4% 4.8 X i o 5 5.8 X
onoT-t 2.9 X i o 3
Egg Yolk Agar
5 3 3
L iver V eal Agar 3.8 X 10 4.2 X 10 1.9 X 10
Eugon Agar 3.3 X 105 4 .5 X i o 3 2.2 X i o 3
5 3 3
Anaerobic Agar 2.5 X 10 3.9 X 10 1.8 X 10
*B eluga, A laska, M inneapolis and 8E,
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Table I I I .  E f f e c t  o f Heat Shocking and Non-Heat Shocking on Mixed 
Spores o f  Type E* C. botu linum  in o c u la te d  a t  10^ 
S pores/g  in  Tryptone Glucose Peptone Medium.
Treatm ent C lo s t r id ia l  Count Per Gram on 
L iver V eal Agar 4% Egg Yolk
N on-heat shocked 5.2  x  105
Heat shocked (10 m in. a t 145°F) 5 .0  x 105
Heat shocked (13 m in. a t  145°F) 4 .9  x 104
Heat shocked (15 m in. a t 145°F) 4 .0  x 104
*B eluga, A laska, M inneapolis and 8E.
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Table IV. Assay fo r  C. botulinum  Type E in  Shrimp
D escr ip tio n  o f  No. o f  S ta te  o f  C. botulinum
Sample_____________________ Samples O rigin______________ Type E_______
F resh  whole 9 L o u is ian a none
F resh  head less 15 L o u is ian a none
Frozen p ee led , deveined 4 L o u is ian a none
F resh  head less 3 Texas none
Frozen p ee led , deveined 2 Texas none
Frozen breaded 3 Texas none
F resh  head less 3 M iss, and Alabama none
Frozen p ee led , deveined 2 M iss. and Alabama none
Frozen breaded 2 M iss, and Alabama none
F resh  head less 2 G eorgia none.
Frozen p ee led , deveined 2 G eorgia none
Frozen breaded 2 G eorgia none
F resh  head less 4 F lo r id a none
Frozen head less 7 F lo r id a none
Frozen p ee led , deveined 12 F lo r id a none
Frozen breaded 5 F lo r id a none
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Table V . Assay fo r  C. botu linum  Type E in  O ysters
D e sc rip tio n  o f  No. o f S ta te  o f C. bo tu linum
Sample_____________________ Samples________O rig in ___________Type E_______
F re sh  washed 10 L o u is ian a none
F re sh  unwashed 6 L o u is ian a none
F re sh  washed 5 M iss, and Alabama none
F re sh  washed 7 Alabama none
Frozen b readed 2 G eorgia none
Frozen  canned 2 G eorgia none
F re sh  unwashed 3 Texas none
Frozen  b readed 2 Texas none
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Table '. VI. T ox icity  t e s t s  on Gulf Coast headless shrimp inocu lated
w ith  a mixed cu ltu re of 4 s tra in s  o f C. botulinum type E*
at 10^ sp o res/g . A ll samples were stored  on ic e  (33°F .)
Dose in  Storage Time
Sample No.___________ Krad._____________ in  Days_____________ T o x ic ity
1 0 0 N egative -  no death**
2 150 0 I I  I t
3 200 0 11 I I
4 300 0 I I  11
5 500 0 r i  n
1 0 7 i t  t i
2 150 7 t i  i r
3 200 7 r i  i i
4 300 7 I I  11
5 500 7 11 11
1 0 14 I I  I I
2 150 14 I I  IT
3 200 14 11 I I
4 300 14 I I  11
5 500 14 11 I f
13 0 30 M 11
*Beluga, A laska, M inneapolis, and 8E.
**Negative denotes su r v iv a l, as mice did not d ie when in jec ted  w ith
1:10 d ilu tio n  of tryp sin ized  sample correla ted  w ith  control and
protected  m ice.
Table Y l l .T ox ic ity  T ests on Gulf Coast headless shrimp in ocu la ted  w ith
a mixed cu ltu re o f 4 s tr a in s  o f C. botulinum type E* at 10^




S to rage Time 
in  Days T o x ic ity
1 0 0 N egative - no death**
2 150 0 tt If
3 200 0 TI tl
4 300 0 ri II
5 500 0 it 11
1 0 7 t! II
2 150 7 It II
3 200 7 II II
4 300 7 II 11
5 500 7 II II
1 0 14 n II
2 150 14 n II
3 200 14 it 11
4 300 14 ii It
5 500 14 n n
14 0 31 IT ii
*B eluga, A laska, M in n eap o lis , and 8E.
**Negative denotes su r v iv a l, as mice did not d ie when in je c te d  w ith
1:10 d ilu tio n  of try p sin ized  sample co rre la ted  w ith  co n tro l and
p rotected  m ice.
Table VXEL T o x ic ity  T ests on Gulf Coast headless shrimp inocu lated  wi
a mixed cu ltu re  of 4 s tr a in s  o f C. botulinum type E* at 10
sp o r es /g . A ll samples were stored  at 42 °F .
Dose in  S torage Time
Sample No.___________K rad._____________ in  Days_____________ T o x ic ity
1 0 0 N egative - no death**
2 150 0 r i i i
3 200 0 i i i i
4 300 0 i i I f
5 500 0 IV 11
1 0 7 P o s it iv e  - death***
2 150 7 h 11
3 200 7 t i I I
4 300 7 t i VI
5 500 7 N egative - no dea th
1 0 14 P o s it iv e  - d ea th
2 150 14 i i rt
3 200 14 i i i t
4 300 14 VI i t
5 500 14 N egative - no dea th
15 500 30 P o s it iv e  - death
*Beluga, A laska, M inneapolis and 8E.
**N egative denotes s u rv iv a l ,  as m ice d id  no t d ie  when in je c te d  w ith  
a  1:10 d i lu t io n  of t ry p s in iz e d  sample c o r re la te d  w ith  c o n tro l  and 
p ro te c te d  m ice.
* * * P o sitiv e  denotes no s u rv iv a l ,  as mice d ied  when in je c te d  w ith  a 
1 :10 d i lu t io n  of t ry p s in iz e d  sample c o r r e la te d  w ith  c o n tro l  and 
p ro te c te d  m ice.
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Table IX'. T o x ic ity  Tests on Gulf Coast headless shrimp in ocu la ted  wi-
a mixed cu ltu re o f 4 s tra in s  o f £ .  botulinum type E* at 10*
sp o r es /g . A ll samples were stored  a t 42°F.
Dose in  Storage Time
Sample Mo.___________Krad.______________in  Days_____________ T o x ic ity
1 0 0 N egative - no death**
2 150 0 i r i i
3 200 0 i t n
4 300 0 VI i i
5 500 0 VI IV
1 0 7 P o s it iv e  - death***
2 150 7 i i i t
3 200 7 i t i i
4 300 7 i i i t
5 500 7 N egative - no death
1 0 14 P o s it iv e  - d e a th
2 150 14 VI r i
3 200 14 11 IV
4 300 14 11 i t
5 500 14 N egative - no death
16 500 31 P o s it iv e  - d ea th
*B eluga, A laska , M inneapolis and 8E.
**N egative denotes s u rv iv a l ,  as mice d id  no t d ie  when in je c fe d  w ith  
a 1 :10 d i lu t io n  o f t ry p s in iz e d  sample c o r re la te d  w ith  c o n tro l  and 
p ro te c te d  m ice.
***p o s it iv e  denotes no s u rv iv a l ,  as mice d ied  when in je c te d  w ith  a 
1:10 d i lu t io n  o f t ry p s in iz e d  sample c o r re la te d  w ith  c o n tro l and 
p ro te c te d  m ice.
T able X .. 
Sample No.
T o x ic ity  T ests  on G ulf Coast shucked o y s te rs  in o c u la te d  
w ith  ^ mixed c u l tu re  o f 4 s t r a in s  o f C. bo tu linum  type E* 
a t  10 s p o re s /g . A ll samples were s to re d  on ic e  (3 5 °F .) .
Dose in  S torage Time 
K rad. in  Days T o x ic ity
6 0 0 N egative -  no death**
7 150 0 II tt
8 200 0 II ri
9 300 0 ft ii
10 500 0 VI ir
6 0 15 II M
7 150 15 II ii
8 200 15 11 if
9 300 15 II ii
10 500 15 II VI
6 0 30 II IV
7 150 30 11 11
8 200 30 II It
9 300 30 rr 11
10 500 30 it IV
11 0 31 ti II
*B eluga, A lask a , M inneapolis and 8E.
**Negative denotes su rv iv a l, as mice did not d ie  when in je c te d  w ith
a 1:10 d ilu tio n  of try p sin ized  sample corre la ted  w ith  con tro l and
p rotected  m ice.
Table vrX i; . T ox ic ity  T ests on Gulf Coast shucked oysters inocu lated
w ith  a mixed cu lture of 4 s tra in s  of C. botulinum type E*
at 10^ sp o r es/g . A ll samples were stored  on ic e  (3 5 °F .).
Sample No.
Dose in  
Krad.
S torage Time 
in  Days T o x ic itv
6 0 0 N egative -  no death**
7 150 0 TI If
8 200 0 II II
9 300 0 ii n
10 500 0 ii n
6 0 15 u ii
7 150 15 ti ii
8 200 15 11 TI
9 300 15 IT II
10 500 15 II 11
6 0 30 II IT
7 150 30 If II
8 200 30 If II
9 300 30 II It
10 500 30 II If
11 0 31 II II
*Beluga, A laska, M inneapolis and 8E.
**Negative denotes su r v iv a l, as mice did not die when in jec ted  w ith
a 1:10 d ilu tio n  of tryp sin ized  sample correla ted  w ith  control and
protected  m ice.
Table X II.T o x ic ity  Tests on Gulf Coast shucked oysters inoculated
with a mixed cu ltu re of 4 s tra in s  o f C. botulinum type E*
at 1()3 sp o res/g . A ll samples were stored  at 42°F.
Sample Mo.
Dose in  
Krad.
S torage Time 
in  Days T o x ic ity
6 0 0 N egative - no death**
7 150 0 TI it
8 200 0 TI it
9 300 0 If ii
10 500 0 II it
6 0 15 II ti
7 150 15 II ii
8 200 15 II TI
9 300 15 TI If
10 500 15 II If
6 0 30 P o s itiv e - death***
7 150 30 ir ti
8 200 30 ti ii
9 300 30 ii n
10 500 30 ii TI
11 0 31 ii If
*Beluga, A laska, M inneapolis and 8E.
**Negative denotes s u rv iv a l ,  as mice d id  no t d ie  when in je c te d  w ith  
a  1:10 d i lu t io n  o f t ry p s in iz e d  sample c o r re la te d  w ith  c o n tro l and
p ro te c te d  m ice.
***P ositive  denotes no su r v iv a l, as mice died when in jec ted  w ith  a
1:10 d ilu tio n  of tryp sin ized  sample correla ted  w ith  control and
protected  m ice.
Table XHE.Toxicity Tests on Gulf Coast shucked oysters inocu lated  w ith
a mixed cu ltu re of 4 s tra in s  o f C. botulinum type E*- a t ilO^
sp o res/g . A ll samples were stored  at 42^F.
Dose in  S torage Time
Sample No.___________Krad._____________ in  Days_____________T o x ic ity
6 0 0 N egative -  no death**
7 150 0 ii n
8 200 0 Tf M
9 300 0 ir fl
10 500 0 tr ti
6 0 15 VI ft
7 150 15 ii 11
8 200 15 ii II
9 300 15 fl II
10 500 15 ii It
6 0 30 P o s it iv e -  death***
7 150 30 it ii
8 200 30 ii it
9 300 30 ti ti
10 500 30 it ri
11 0 31 it n
*Beluga, A laska, M innear-'  and 8E.
**N egative denotes s u rv iv a l ,  as mice d id  no t d ie  when in je c te d  w ith  
a  1:10 d i lu t io n  of t ry p s in iz e d  sample c o r re la te d  w ith  c o n tro l and
p ro te c te d  m ice.
***P o s itiv e  denotes no su r v iv a l, as mice died when in jec ted  w ith a
1:10 d ilu tio n  o f tryp sin ized  sample correlated  w ith  contro l and
protected m ice.
SUMMARY
A survey  o f G ulf Coast com m ercially handled shrimp and o y s te rs
has in d ic a te d  th e  absence of C.  botulinum  type E to x in .
No to x in  was produced when f re s h  G ulf Coast head less shrimp and
o
shucked o y s te rs  were s to re d  on ic e  (33 F) up to  30 days, a f t e r
3
being  in o c u la te d  w ith  mixed C. botu linum  type E spores a t  10 and 
4
10 sp o re s /g  and e i th e r  w ith o u t i r r a d ia t io n  or w ith  exposure to  
60
Co r a d ia t io n  a t  150, 200, 300, and 500 K rads.
F resh  Gulf C o a s t  h ead less  shrimp were’ in o c u la te d  w ith  mixed
3 4
botulinum  type E spores a t  10 and 10 sp o re s /g . Samples were 
60
su b je c te d  to  Co r a d ia t io n  a t  150, 200, 300, and 500 K rads. The
i r r a d ia te d  samples along w ith  n o n irra d ia te d  c o n tro ls  were th en  
o
s to re d  a t  42 F . A fte r  7 and 14 days, to x in  was found in  a l l  
samples excep t those  which had re c e iv e d  500 K rads; in  th e se , to x in  
was dem onstrated a f t e r  30 and 31 day s .
Toxin p roduction  was shown a f t e r  30 days when f re s h  shucked o y s te rs  
o
were s to re d  a t  42 F a f t e r  b e in g  in o c u la te d  w ith  mixed C. botulinum
3 4 60
type E spores a t  10 and 10 sp o re s /g  and su b jec te d  to  Co
r a d ia t io n  a t  150, 200, 300 and 500 Krads along w ith  a  non­
i r r a d ia te d  c o n t r o l .
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APPENDIX
Table I .  G eographic D is tr ib u t io n  o f V e r if ie d  Type E B otu lism  
O utbreaks
P lace  o f occurrence O utbreaks Cases Deaths
Japan: Hokkaido 29 222 42
N orthern  Honshu 20 82 37
U. S .:  A laska 7 19 6
O ther s ta t e s 8 36 15
Canada: B r i t i s h  Columbia 8 20 11
Labrador 3 10 8
Sweden 3 6 1
Denmark 2 7 0
U .S .S .R . 2 2 2
T o ta ls 82 404 122
F ig u re s  from Dolman and I id a  (13) supplem ented by more r e c e n t  d a ta  
from Japan by Nakamura (3 8 ), and th e  M orb id ity  and M o r ta l i ty  
Weekly R eport (3 7 ).
4*7
Table 2 . Total Cases o f Botulism  in  the U.S.A. from 1899 through 1963 by Decade
STATES 1899-1909 1910-1919 1920-1929 1930-1939 1940-1949 1950-1959 1960-1963 TOTAL
C a lifo rn ia 11 104 87 105 109 50 12 478
W ashington 0 23 43 46 30 15 8 165
Colorado 0 17 27 31 23 25 2 125
New Mexico 0 0 0 37 33 7 3 80
New York 0 18 21 19 12 0 2 72
M ichigan 0 15 34 0 2 0 9 60
Oregon 0 3 18 20 12 3 0 56
Tennessee 0 0 7 15 6 5 15 48
Kentucky 0 0 0 11 11 11 10 43
Montana 0 7 5 17 3 2 0 34
N orth Dakota 0 0 0 21 9 0 3 30
Ohio 0 14 12 3 0 1 0 30
Wyoming 0 0 21 8 0 0 0 29
Nebraska 0 2 3 12 10 0 3 27
New Je rse y 0 3 2 5 4 13 0 27
Idaho 0 4 2 8 0 6 3 23
M iss is s ip p i 0 0 0 0 4 17 0 21
Ind iana 0 7 11 0 0 2 0 20
Pennsylvania 0 0 9 1 3 2 3 18
I l l i n o i s 0 4 4 0 2 , 6 0 16
■p-
eo
Table 2 . (Continued) Total Cases o f Botulism  in  the U.S.A. from 1899 through 1963 by Decade
STATES 1899-1909 1910-1919 . 1920-1929 1930-1939 1940-1949 1950-1959 1960-1963 TOTAL
Utah 0 1 0 1 12 0 0 14
M innesota 0 0 0 5 0 3 5 13
Alaska* 0 0 0 0 0 10 3 13
Texas 0 0 6 4 0 1 0 11
A rizona 0 0 5 0 4 2 0 11
V irg in ia 0 0 0 2 5 2 0 9
F lo r id a 0 7 0 0 0 0 1 8
M assachusetts 0 6 0 2 0 0 0 8
Maryland 0 0 0 0 4 3 0 7
Alabama 0 0 3 0 1 0 3 7
South Dakota 0 0 0 5 2 0 0 7
Nevada 0 0 0 0 3 3 0 6
W isconsin 0 3 2 1 0 0 0 6
Oklahoma 0 0 0 2 1 3 0 6
C onnecticu t 0 0 0 1 4 0 0 5
Iowa 0 5 0 0 0 0 0 5
Maine 0 0 4 0 0 0 0 4
West V irg in ia 0 0 0 0 3 0 1 4
L o u is ian a 0 0 0 0 0 3 0 4
W ashington, D. C. 0 0 n 0 3 0 , 0 ..'3
*Since 1950 o n ly .
Source: U. S. P ub lic  H ealth  S e rv ic e , Communicable D isease C enter (36)
Meyer and Eddie (34)
Table 2 . (Continued) Total Cases o f Botulism in  the U.S.A. from 1899 through 1963 by Decade
STATES 1899-1909 1910-1919 1920-1929 1930-1939 1940-1949 1950-1959 1960-1963 TOTAL
Arkansas 0 0 0 2 0 0 1 3
M issouri 0 0 2 0 0 0 0 2
N orth C aro lin a 0 0 0 0 0 2 0 2
G eorgia 0 0 0 0 1 0 0 1
Hawaii* 0 0 0 0 0 0 0 0
New Hampshire 0 ^ 0 0 0 0 0 0 0
Vermont 0 0 0 0 0 0 0 0
Rhode I s la n d 0 0 0 0 0 0 0 0
Kansas 0 0 0 0 0 0 0 0
Delaware 0 0 0 0 0 0 0 0
South C aro lin a 0 0 0 0 0 0 0 0
TOTALS 11 243 328 384 316 197 82 1561
*Since 1950 o n ly .
Source: U. S. P ublic  H ealth  S e rv ic e , Communicable D isease C enter (36)
Meyer and Eddie (34)
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Table 3 .  B otu lism  Outbreaks A sso c ia ted  w ith  
Commercial Foods in  th e  U.S.A.
YEAR FOOD OUTBREAK CASES DEATHS TYPE
1906 Pork and Beans 1 3 3
1910 S trin g  Beans 1 4 4 -
1912 Clam J u ic e 1 2 1 -
1913 Clam J u ic e 1 3 2 -
1914 Clam J u ic e 1 2 2 -
1915 Tomato Catsup 1 2 0 -
Sausage 1 2 2
1918 Corn 1 1 0 -
Minced O lives 1 2 2 -
Tuna 1 1 1 -
1919 O lives 3 28 17 A
Summer Sausage 1 3 0 . -
1920 Ripe O liv es 1 7 7 A
Ripe O lives 2 2 0 _
Minced O lives 1 5 0 A
Minced O lives 1 1 1 -
Spinach 1 6 3 A
Spinach 1 2 2 -
Ham 1 4 4 -
Milk 1 4 0 -
Beets 1 5 5 B
1921 Spinach 3 32 4 A
Ripe O lives 1 5 3 A
1922 Spinach 2 11 6 -
1924 Ripe O lives 2 13 6 -
Ripe O lives 1 9 2 A
1925 Sardines 1 2 2 -
Sardines 1 2 2 A
Spinach 1 5 1 B
Potted  Meat 1 4 4 B
1929 S h a llo ts 1 2 1 B
1931 A n tip asto 1 3 1 -
Milk 1 1 0 A
Sardines 1 2 1 -
1934 S prats 1 3 1 E
1936 Clams (Japanese Canned) 1 4 4 B
1938 Tuna 1 2 2 -
1941 Mushroom Sauce 1 3 1 E
1951 Cheese 1 1 1 -
52
T ab le  3 . (C ontinued) B o tu lism  O utbreaks A sso c ia te d  w ith  
Commercial Foods in  th e  U .S.A .
YEAR FOOD OUTBREAK CASES DEATHS TYPE
1960 Smoked C iscos 1 2 2 E
1963 Tuna 1 3 2 E
Smoked W h ite f is h 1 2 2 E
Smoked W h ite f is h  Chub 1 17 5 E
L iv e r  P as te 1 2 0 A
TOTALS 51 219 109
S ource; Meyer and E dd ie  (34)

















Table 4 .  Known Outbreaks o f Type E Botulism
STATE FOOD CASES
New York Smoked Salmon 
(Canadian o r ig in )
3
New York S p ra ts  (German o r ig in ) 3
C a l i fo rn ia Mushroom Sauce 3
A laska Beluga F lip p e rs 5
(P o in t Hope)
A laska B eluga F lip p e rs 1
(Selaw ik)
A laska B eluga Muktuk 3
(Kotzebue)
A laska B eluga Muktuk 2
(Anchorage)
A laska S tin k  Eggs 1
(Hydaburg) (Salmon Eggs)
A laska Sehlubr Whale F lip p e r 7
(Scammon Bay)
A laska Ketdukon Salmon 2
(K etchikan)
M innesota Cisco-vacuum packed 2
W ashington Uncooked Salmon Eggs 4
M ichigan Tuna (C a l i fo rn ia  packed) 3
M ichigan Smoked W h ite fish 2
Tennessee Smoked W h ite f ish  Chubs 17




Dolman (12) and Meyer (33)
Table 5 . Botulism  in  the U.S.A. in  1963
OUTBREAK CASES DEATHS FOOD Type LOCATION PROCESSOR
1 2 0 C h il i  Peppers A C a lifo rn ia Non-commercial
2 2 0 L iv er P aste A New York C ity Commercial
3 1 1 Green Beans B West V irg in ia Non-commerc i a l
4 5 1 Corn B Kentucky Non-commercial
5 2 1 Green Beans B Colorado Non-commercial
6 3 0 Green Beans B Pennsylvania Non-c ommerc i a l
7 3 2 Tuna F ish E Michigan Commercial
8 2 2 Smoked W h ite fish E M ichigan Commercial






10 6 1 Mushrooms Unknown C a lifo rn ia Non-commercial
11 1 0 Smoked W h ite fish Unknown M innesota Non-commercial
12 2 1 F igs Unknown C a lifo rn ia Non-commercial
TOTALS 46 14
Source: M orbid ity  and M o rta lity  Weekly R eport (37)
Table 6 . Botulism  by S p e c ific  Type in  the U.S.A. in  1963
OUTBREAKS CASES DEATHS
Type A 2 4 0
Type B 4 11 3
Type E 3 22 9
Unknown 3 9 2
TOTALS 12 46 14
Source: M orb id ity  and M o r ta l i ty  Weekly R eport (37)
Media
Difco L iv er Veal Agar (9) 4% Egg Yolk
F resh  eggs were washed w ith  a  s t i f f  b ru sh , d ra in ed  and th en  
soaked in  70% e th y l a lcoho l f o r  30 m inu tes.
The eggs were cracked a s e p t ic a l ly ,  the eggwhite was se p a ra te d  
from th e  yo lk  and d isca rd ed  leav in g  th e  yolk in  th e  e g g s h e ll .  The 
yolk  was s tabbed  in  th e  c e n te r  w ith  a s t e r i l e  s t r a ig h t  in o c u la tin g  
need le  opening a hole approxim ately  one fo u rth  inch  in  d iam ete r. The 
co n ten ts  o f the  yolk  sack were taken out by means of an open t i p  10 
ml p ip e t te  and d ra in ed  in to  a  s t e r i l e  g raduated  c y l in d e r . An equal 
volume o f p h y s io lo g ic a l s a l in e  was added to  th e  volume o f yolk and 
mixed g e n tly  u n t i l  thoroughly  mixed.
E ig h ty  m i l l i t e r s  o f egg yolk  s a l in e  m ix ture  was added to  one 
l i t e r  o f m elted  s t e r i l e  l i v e r  Veal Agar c o ile d  to  45-50°C. The L iv er 
Veal Egg Yolk medium was poured in to  p e t r i  d ish es  im m ediately th en  
d r ie d  a t  room tem peratu re  fo r  2 or 3 days b e fo re  be ing  u t i l i z e d .
T ypticase-G lucose-Peptone Medium
1. T yp ticase  (BBL)-----------     —------ 50 g
Peptone (D ifco )     5 g
Sodium T h io g ly c o lla te  (BBL)--------------------------------——2 g
Glucose (D ifco )-------------------------------------------     4 g
D is t i l l e d  W ater-------------------------  —----------------  -1000 ml
2 . T ypticase-G lucose-Peptone Medium was a d ju s te d  to  pH 7 .0  w ith
IN NaOH and IN HCl and d ispensed  in  30 ml amounts in  25 x
o
150 mm screw cap tu b e s ; au toc laved  a t  250 F fo r  10 m inu tes.
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D ifco Eugon Agar (9)
D ifco Anaerobic Agar (9)
Difco L iv er Veal Agar (9)
Difco Cooked Meat Medium (9)
P re p a ra tio n  of P h y sio lo g ica l S a line
Sodium c h lo r id e  (8 .5  g) was added to  1 l i t e r  o f d i s t i l l e d  w a te r .
B uffers  
G el-Phosphate
1. G e la tin  (D ifco )------------------------------
Na^PO^ (Merck) ----------------------
D is t i l l e d  w a te r------------------------------
2 . A djusted  to  pH 6 .2  u sin g  IN HC1
o
3 . A utoclaved a t  250 F fo r  20 m inutes
B u ffe rf ie ld s* s  Phosphate B u ffe r
Stock s o lu t io n  was p repared  by d is so lv in g  34 g o f KHoP0, (Merck)2 4
in  500 ml o f d i s t i l l e d  w a te r; a d ju s te d  to  pH 7.2 w ith  about 175 ml of
IN NaOH and d i lu te d  to  1 l i t e r  w ith  d i s t i l l e d  w a te r . This s to ck
o
s o lu t io n  was kep t under r e f r ig e r a t io n  a t  40 F . The p repared  d ilu e n t 
was made by adding 1.25 ml of th e  s to c k  s o lu t io n  per l i t e r  of 
d i s t i l l e d  w a te r .
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